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discusses the formation and functioning of the spaces. Section 6 elaborates on the relevance of Triple Helix systems for regional innovation strategies, based on their capacity to integrate both endogenous and exogenous regional innovation strategies. Section 7 provides a 2 Parsons sees a social system as part of a social action system that comprises the economy (social adaptation to its action and non-action environmental systems), the polity (collective goal attainment), the societal community (the integration of its diverse social components) and the fiduciary system (processes that function to reproduce historical culture in its "direct" social embeddedness). 3 Luhmann sees social systems as systems of communication, which operate by processing 'meaning' and constantly re-creating themselves through their communication, subject to what is considered meaningful and what is not, in a process of self-regeneration called autopoiesis.
COMPONENTS OF TRIPLE HELIX SYSTEMS
Much of the Triple Helix literature focuses on the institutional spheres of university, industry and government as holistic, 'block' entities, without going deeper to the level of specific actors within each sphere, which obscures some specific ways in which the actors' institutional identities, missions, objectives, needs, etc. influence the interaction dynamics.
On the one hand, this simplified perspective can sometimes be beneficial, especially in contexts where one or more of the helices are still in the early development phases and the culture of collaboration is weak, as it may increase the applicability and suitability of the Triple Helix model to local policy and practice. The simplicity of the model is appealing to policy-makers and may help mobilize local innovation agents, bring legitimacy to policy efforts and improve coherence between different policy strands involved in innovation (Rodrigues and Melo, 2010) . On the other hand, in more advanced contexts, where innovation stakeholders are more mature and have attained more complex forms of interaction, the simplified perspective described above is no longer sufficient. A more internally differentiated approach of the Triple Helix actors is necessary to understand their behaviour and specific contributions to a complex division of labour in the production and use of knowledge for innovation (see the analysis of MIT in the 1930s in Etzkowitz, 2002) .
In defining the components of Triple Helix systems, three important distinctions are made: a) between R&D and non-R&D innovators; b) between "single-sphere" and "multisphere" (hybrid) institutions; and c) between individuals and institutions. a) R&D and non-R&D innovators: this distinction, based on the performance of inhouse (intramural) R&D 6 , arises from the recognition of the fact that R&D is not the only driver of innovation (Kline and Rosenberg, 1986; Cohen et al. 1987; Galende and Suarez, 1999; Von Tunzelmann and Acha, 2005; Jensen et al. 2007; Hirsch-Kreinsen, 2008; Heidenreich, 2009 ). Other activities like technology adoption, incremental changes, imitation, and combining existing knowledge in new ways can also increase organizational innovative capacity (Arundel et al, 2008) . This distinction reflects the permanent, albeit not always harmonious coexistence of tacit and codified knowledge and is translated in different modes of learning and innovation, e.g. the Science, Technology and Innovation (STI) mode, based on the production and use of codified scientific and technical knowledge, and the Doing, Using and Interacting (DUI) mode, based on informal processes of learning and experience-based know-how (Jensen et al. 2007) .
o R&D innovators can be found in each of the University, Industry and Government institutional spheres, as well as beyond that, in the non-profit sector (e.g. charities,
foundations, professional/trade associations, service organizations, not-for-profit corporations, trusts, etc.). In universities, key R&D performers are the academic research groups and interdisciplinary research centres; in the business sector, the company R&D divisions or departments; in the government sector, the public research organizations, mission-oriented research laboratories, etc. One can also mention here a functional equivalent of R&D activities in arts and design fields, or more broadly in the creative industries, which generates artistic and cultural activities similarly to scientific R&D, but with their own distinct discovery, methodologies, validation and dissemination procedures 7 .
o Non-R&D innovators are most often associated with the Industry institutional sphere, as company actors involved in non-R&D activities, like design, production, marketing, sales, acquisition of technology or machinery produced by other companies or research organisations, customization or modification of products and processes obtained from elsewhere, personnel training and competence-building, interaction with users, acquisition of patents and licenses, consultancy services, etc.
On a broader scale, non-R&D innovation is also present in the creation and change of organisations, technology transfer, incubation activities, financing, negotiation, etc.
However, such activities are not confined to the Industry borders and can also be found in various forms in the Government and University spheres, as well as in the non-profit sector.
(b) "Single-sphere" and "multi-sphere" (hybrid) institutions:
o "Single-sphere" institutions are traditionally delineated within the boundaries of a single institutional sphere, be it University or Industry or Government (e.g. education individual innovator. Triple Helix systems acknowledge the importance of individual innovators and entrepreneurs and their role in initiating and consolidating institutional processes. Concepts like the "innovation organizer" and the "entrepreneurial scientist" provide a phenomenology of behavioural types (Schutz, 1959) (Freiberger and Swaine 2000) . In Sweden, by contrast, collective entrepreneurship is openly accepted, as individuals are culturally inhibited from attempting an entrepreneurial act unless backed up by a group.
RELATIONSHIPS BETWEEN COMPONENTS OF TRIPLE HELIX

SYSTEMS
Interaction between the components of Triple Helix systems can take different forms, reflecting the evolutionary social and economic mechanisms that induce change in Triple
Helix regimes: a) Collaboration and conflict moderation is a specific form of interaction in triadic entities, which have a higher potential for turning tension and conflict of interest into convergence and confluence of interest, compared to dyadic relationships, which are more subject to collapse into oppositional modes (Simmel, [1922 (Simmel, [ ] 1955 . This capacity to transform tension and conflict of interest into converging interests around common objectives and win-win situations is all the more important as the very nature of conflicts and tensions is changing in the Knowledge Society, in line with the changing nature of work, workplace and organizations (Heerwagen, Kelly and Kampschroer, 2010) . As the knowledge content of many jobs is increasing, their attachment to particular companies is reducing and moving towards a vision of work that is defined as a life-long process of education and cognitive development rather than a company career (Spittle, 2010 (Cusumano and Elenkov, 1994; DeBresson and Amesse, 1991; Freeman, 1991) , partly in response to the limitations of hierarchies and markets, as an organizational form much better suited to the changing complexities of contemporary society -"neither market nor hierarchy" (e.g. Powell, 1990) . More flexible than hierarchies, more invested in the public good than markets and more effective in responding to changing conditions than either hierarchies or markets, networks have been seen as 'the middle way' between the loose coupling of markets and the tight relationships of hierarchies. Research networks in academia have become comparable to a 'joint venture', whose stability appears to be of critical importance socially, politically and economically, in order to generate a particular division of labour among the participants (David, Foray and Steinmueller, 1999) . Networking reflects the growing non-linearity and interactivity of innovation processes (Kaufmann and Tödtling, 2001 ) and provides several benefits 11 (Steinmueller, 1994) .
FUNCTIONS OF TRIPLE HELIX SYSTEMS: THE KNOWLEDGE, INNOVATION AND CONSENSUS SPACES
The functions of Triple Helix systems are defined as a set of processes specific to the Triple Helix Spaces -Knowledge, Innovation and Consensus:
a) The Knowledge Space is the set of knowledge generation, diffusion and use activities of the Triple Helix components discussed in Section 2 above. The construction of this space is an essential step in the transition to a Knowledge Society and has the ultimate purpose to create a 'critical mass' of knowledge resources to strengthen the local, regional and national knowledge base, avoid fragmentation and reduce duplication of research efforts. from Mexico City to other regions of Mexico after the mid-1980s earthquake, with a double rationale: to protect them from a new earthquake, but also to provide research capacity to regions where that had heretofore been lacking and address the problems of the locality (Casas, Gortari and Santos, 2000) . This policy was eventually broadened from a dispersal of research resources to an explicit knowledge-based regional development strategy, with more research institutes being transferred from the capital to other regions to strengthen their knowledge base. happened in an undergraduate campus. In Norkopping, Sweden, in the wake of deindustrialization, a Council representing the city region's business and political leadership was established, and decided to create a university campus with advanced academic research groups in order to revive paper industry -one of the local traditional industries (Svensson, Klofsten and Etzkowitz, 2011) . o Re-organization of research funding from a linear to an interactive model. Sweden has transformed its research funding system by shifting the emphasis from funding research as an end in itself, or for military or other specific purposes, to encouraging university, industry and government institutional spheres to work more closely together to promote innovation. In the early 1990's a group of foundations were created to fill gaps in the country's innovation funding system. They became a new actor in a system that had been heretofore dominated by Research Councils, most of which were oriented to the older universities and traditional academic disciplines. The foundations changed a rigid innovation system both by providing alternative sources of funds and by their willingness to seek out new research providers, beyond creating a diversity of funding sources in a research funding system that had become out of phase with the country's innovation needs.
b) The Innovation Space consists of the activities undertaken particularly by the 'multisphere' (hybrid) organizations and entrepreneurial individual and institutions discussed in Section 2 above, having as ultimate purpose the creation and development of intellectual and entrepreneurial potential, attraction of talent and innovative firms from elsewhere, and building a competitive advantage for the region and the country. These joint institutional and individual innovation efforts that come together in a form of "public" entrepreneurship go well beyond firm formation and provide the energy and focus for a variety of institutionformation projects (Schumpeter, 1951; Etzkowitz and Schaflander, 1969) . The new institutional formats thus emerged depend on the strengths and weaknesses of the actors involved, their motivation, aptitudes, location, entrepreneurial capacities, institutional support for new firm formation, level of local economic and technological performance (Mason and Harrison, 1992; Thwaites and Wynarczyk, 1996; Lee and Peterson, 2000) . The innovative potential of hybrid organizations can be strengthened through entrepreneurial training programmes and business plan competitions that are now are increasingly implemented worldwide (Morris, 1998) (Etzkowitz, 2002) . In the 1950's, the regional leadership of San Diego deployed this explicit model of a science-based entrepreneurial university as a strategy for creation of a new sciencebased industry in a region that was heretofore known as a naval base and retirement community. With a charter for a new campus of the University of California, leading scientists were recruited in emerging area of "polyvalent knowledge," with both theoretical and practical potential, as a long-term strategy to foster industrial development. A few decades later, by assiduously pursuing the strategy of developing a critical mass of research groups and institutes in bio-technology related fields, the foundations were laid for significant firms to emerge from this base. San Diego has since grown to be one of the three major centres of industrial biotechnology in the US, along with Boston, and Northern California. Indeed, the regional biotechnology industry is larger than the entire UK industry in this field (Caspar, 2007) . (Svensson, Klofsten and Etzkowitz, 2012) . Achieving consensus may make the difference between an environment with untapped resources and one that has put them to use to achieve 
FORMATION AND FUNCTIONING OF THE TRIPLE HELIX SPACES
The formation of the Knowledge, Consensus and Innovation Spaces is analytically conceptualized as a two-stage process: This is a simplified representation of the interaction among the university, industry and government institutional spheres, profiling relatively equal contributions of the spheres to the formation of a "stem cell space". In real life, the contributions of the three spheres may be more or less different from this simplified representation, i.e. there can be different degrees of involvement of the spheres. This is in fact the main factor that induces the substitution mechanisms discussed in Section 3, whereby the stronger sphere 'takes the role" of the weaker one or enhances its development. , where the x and y are two points in the plane. The general appearance of the oval is dictated by the relative values of a and b. If a < b, the curve forms a single loop. This loop becomes increasingly pinched as a approaches b. When a > b, the curve is made up of two loops, while at a = b it is the same as the "Bernoulli's lemniscate" that was documented about 14 years later. Here we present an adaptation of the Cassini ovals from two to three spheres, to accommodate our three institutional spheres, the principle remaining the same. winnowed from a larger collection (Miller, 1997 ).
Yet another situation is when one space becomes the basis for the enhancement of the others, spanning across all the four development stages described above. The development of 
RELEVANCE OF TRIPLE HELIX SYSTEMS FOR KNOWLEDGE-BASED REGIONAL INNOVATION STRATEGIES
Regional innovation policies have traditionally focused on the promotion of localized learning processes and capabilities to secure a competitive advantage of regions, by improving firm-specific competencies, specialized resources, skills, sub-contractor and supplier relations and the sharing of common social and cultural values (Maskell and Malmberg, 1999; Cooke et al., 2000; Tödtling and Kaufmann, 2001; Asheim and Gertler, 2004) . Other priorities included enhancing interactions between different innovation stakeholders, such as firms, universities and research institutes, or between small start-up firms and larger (customer) firms (Cooke, 2001) , and promoting the development of local comparative advantages linked to specific local resources (Maillat and Kébir, 2001 ). These efforts are generally subscribed to two main approaches to knowledge-based regional innovation and development: (i) an exogenous vision of attracting innovative high-tech firms to relocate in the region, as a modern twist of the traditional approach of attracting industrial branch plants, and (ii) an endogenous vision of creating an underlying science and arts base, as a mechanism to jumpstart the formation of knowledge-based firms and creative industries.
Exogenous knowledge-based regional development strategies based on relocation/attraction of firms from elsewhere, often subsidiaries or R&D centres of large multi-nationals, rely on marketing local assets, such as trained workforce, good infrastructure and living conditions. This approach originates in the neoclassical view that firms' decisions are responsive to small differences in input prices and will prefer locations with lower factor prices (Feldman and Francis, 2004) . Exogenous strategies are usually promoted on a topdown basis, by active external factors such as central governments, private banks or transnational firms, who inject resources from outside the region to create jobs, wealth and a larger local tax base. External investments as key inputs for regional development come in response to improved infrastructure, fiscal incentives and programmes provided by federal or state governments that aim to promote technology and high-growth entrepreneurship through public and private partnerships, stimulate growth in a designated region and the development of high-tech centres or science and technology parks (Malecki, 1991) . However, this topdown approach may have only limited effectiveness if the pool of firms that can be attracted, no matter how good the offer, is reduced by the decline of many manufacturing industries, and if the local knowledge assets are not strong enough to sustain the activities of the relocated units. This attraction strategy is most likely to fail and turn into a "cargo cult"
15 For example, integrating research groups and centres into local networks, or offering research resources and better work conditions to attract distinguished researchers rather than develop young researchers. 16 The Brazilian popular cooperative incubator model was invented bottom-up by a university incubator and a NGO campaign against hunger to teach poor people from the favelas how to organise a cooperative and create their own jobs. The popular cooperative was subsequently spread across Brazil by a federal government programme (Almeida, Mello and Etzkowitz, 2012) . U.S. federal research funding during WWII and in the postwar stimulated the development of both Boston and Silicon Valley and acted as an exogenous factor that expanded upon an endogenous process of knowledge-based regional development that was well underway from the early 20 th century in both regions. The large-scale research programmes in data mining funded by the Defence Advanced Research Projects Agency (DARPA) at Stanford and a few other universities provided the context for the development of the Google search algorithm that soon became the basis of a firm formation project in an area primed for the emergence of new technological candidates to renew the region. element for the capacity of Triple Helix systems to integrate exogenous and endogenous strategies for knowledge-based regional development strategies and amplify synergies between them. Therefore, the promotion of measures that support the formation and consolidation of the spaces is essential in designing Triple Helix-based regional innovation strategies (see Section 8 for a discussion of such measures).
TRIPLE HELIX SYSTEMS AND OTHER INNOVATION SYSTEMS APPROACHES
The Triple Helix model has often been used in the innovation theory and practice as an alternative approach to the 'innovation systems' concept, which was introduced in the mid1980s to understand innovation and economic growth in evolutionary systems where institutions and learning processes are of central importance (Freeman, 1987 Freeman and Lundvall 1988) . The concept was refined as 'national innovation systems' (NIS) delineated by a set of innovation actors (firms, universities, research institutes, financial institutions, government regulatory bodies, etc.), their activities and inter-linkages at the aggregate level Dosi et al 1988; Lundvall, 1988; 1992; Nelson, 1993; Nelson and Rosenberg, 1993; Edquist, 1997 Edquist, , 2005 . The 'national' dimension of innovation systems 17 favoured user-producer interactions through cultural and institutional proximity and localised learning (Lundvall, 1992) , but became increasingly blurred due to business and technology internationalisation extending technological capabilities beyond national borders, and the growing integration of innovation systems, driven by the economic and political processes, e.g. the European Union consolidation. As the NIS approach did not fully capture the interactions between innovation actors at more aggregated levels of analysis, an examination of more disaggregated levels of the innovation system was necessary for a dynamic view of the innovation processes (Carlsson et al., 2002) : Storper, 1995; Cooke, 1996; Maskell and Malmberg, 1997) emerged in the context of the increasing regionalisation of the early 1990s at technological, economic, political or cultural levels in many countries. The concept comprised for example, a set of regional actors aiming to reinforce regional innovation capability and competitiveness through technological learning (Doloreux and Parto, 2005) , regional 'technology coalitions' arising from geographical distribution of economic and technological effects over time (Storper, 1995) , or dynamic, self-organizing business environments (Johannson et al. 2005) , etc.
 Sectoral Innovation Systems (Breschi and Malerba, 1997; Malerba, 2002) examine industry structure as a determinant of firm's performance heterogeneity and explore coordination forms in supply chains (hierarchy, market and hybrid forms);
 Technological Systems (Carlsson & Stankiewicz, 1991; Carlsson, 1997; Bergek et al., 2007) focus on the network of agents that interact in function of a specific technology.
Here, we compare and contrast these innovation systems approaches with Triple Helix systems in terms of some aspects identified as key flaws in the former:
a) Diffuseness and conceptual heterogeneity: the innovation systems described above (national, regional, sectoral, technological) are seen as a set of organizations and institutions interlinked by complex relationships (Edquist, 2005) , but these linkages are relatively little described (Godin, 2007; Bergek, 2008) , with the notable exception of some studies of interindustry technology flows that asses the degree of sectoral integration amongst industries, but do not capture other important elements, such as intra-sectoral flows, tacit and codified knowledge flows (Scherer 1982; Pavitt 1984; Archibugi 1988; Howells, 1996) . In contrast, the components, relationships and functions of Triple Helix systems provide a fine-grained description of the actors and relationships between them, including a vision of the functioning of the system through a boundary-spanning diachronic transition between the Knowledge, Innovation and Consensus Spaces.
b) Strong focus on institutions and low visibility of the role of individuals in the innovation process: institutions (especially firms 18 ) are seen as key explanatory factors for understanding why some innovation processes in certain regions, countries or sectors fare better than others (Edquist, 1997; Edquist, 2004; Lundvall, 2003 in innovation, the former through the 'single-sphere ' and 'multi-sphere' (hybrid) organizational formats associated with the university, industry, government institutional spheres, and the latter, with concepts like the 'innovation organizer' and 'entrepreneurial scientist' that provide a phenomenology of behavioural types (Schutz, 1959) and can span one or more institutional spheres.
c) System boundaries: in the 'traditional' approach to innovation systems, boundaries are spatially defined by national or regional borders, or by industry structures that usually cross geographic boundaries (Carlsson et al., 2002; Edquist, 2005) , or by technologies that typically cross both geographic and sectoral boundaries (Hekkert et al., 2008) . In the Triple
Helix systems, sectoral and technology boundaries are superseded by the boundary permeability among the institutional spheres that allows regional and local resources to be combined for realising joint objectives and new institutional formats in any of the Knowledge, Innovation and Consensus spaces. Boundary permeability is also an important source of organisational creativity, as individuals move among the spheres and engage in recombination of elements to create new types of organizations. Spatial aggregation in Triple
Helix systems is particularly important at the regional level, for stimulating the creation and consolidation of the Knowledge, Innovation and Consensus Spaces and their capacity to integrate various regional development strategies (endogenous and exogenous).
CONCLUSIONS AND POLICY IMPLICATIONS
This paper introduced the concept of Triple Helix systems as an analytical construct that systematizes the key features of university-industry-government (Triple Helix) interactions into an 'innovation system' format defined according to systems theory as a set of components, relationships and functions. This perspective provides an explicit framework for the systemic interaction between Triple Helix institutional actors. It also builds upon the structure/process view of innovation systems (Bergek et al. 2008 ) that sees the processes within an innovation system as a necessary complement to the structural elements of the system. We define the components of Triple Helix systems, acknowledging three important distinctions: between R&D and non-R&D innovators; between "single-sphere" and "multi- We also discuss the functioning of the spaces as a non-linear, diachronic transition from one space to another, in different directions among them, with one space catalysing the interaction between the others when they are present, or speeding up their development when they are weak or absent. We relate the direction of transitions to different regional circumstances and development stages, and highlight the relevance of the Triple Helix systems to regional innovation strategies, due to the capacity of the Knowledge, Innovation and Consensus Spaces to combine endogenous and exogenous strategies and amplify the synergies between them. We conclude with a comparison of Triple Helix systems with other innovation systems, highlighting specific features of the former that can resolve some of the flaws identified in the latter, e.g. diffuseness and conceptual heterogeneity, strong focus on institutions and low visibility of individuals in the innovation process, and the way system boundaries are addressed in both approaches.
The analytical construct of Triple Helix systems we propose here still needs a much better understanding of several issues and their policy implications:
The development of the Knowledge, Innovation and Consensus Spaces
First, the formation and differentiation of the spaces depend essentially on the motivation of the Triple Helix actors to engage in joint projects and set common goals. This is not an easy process, as setting joint agendas often involves a major change of vision, crossing organizational silos, thinking beyond the boundaries of a single institutional sphere, (Etzkowitz, 2002) ; what form would such analysis take in our days? The formation and development of the Consensus Space can be accelerated by strengthening the dialogue and collaboration between national and regional innovation stakeholders and creating new platforms for communication, promoting collaborative governance measures, such as public consultation and feedback, collaborative leadership models and practices (e.g. Chrislip, 2002; Archer and Cameron, 2008) .
The Triple Helix systems approach offers a broad perspective for understanding the sources and development paths of innovation. On the one hand, by introducing the Triple Helix model into a systems framework, key contributors to innovation and their interactions are specified; on the other, by introducing a systems perspective, the Triple Helix model is developed into a conceptual machinery for the advancement of innovation theory and
practice. An innovation strategy centred on the Triple Helix systems can be an attractive perspective, especially for regions that aim to enhance their knowledge base and create "steeples of excellence" around research themes with commercial potential and innovative firms that could realize that potential. Schumpeter's theory of creative destruction shows how outmoded economic regimes disappeared; the Triple Helix systems delineate how new regimes appear through creative reconstruction. By revealing "the workings of the engine", they provide new insights into the process of knowledge-based regional development that is often considered to be opaque and hidden, encouraging initiatives and practices that carry the seeds of innovative developments.
